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Introduction
One of the many types of wetlands in existence (e.g. boggy wetlands, peat, bofedales or Andean wetlands, and salt marshes) is forested wetlands. These are defined as naturally flooded or saturated areas that support an important component of woody vegetation adapted to poorly aerated and/or saturated soil (Lugo et al. 1990 ). In Chile, this type of ecosystem is commonly known as pitranto, hualve or hualhue (Ferriere 1982) and is found from Coquimbo to the Aise´n Region (29 54 0 to 47 45 0 S) in the country's central valley, the coastal range, the Andean foothills, and ChiloeÍ sland (Ramı´rez and San Martı´n 2005; Correa-Araneda et al. 2011) . The woody component of these ecosystems is dominated mainly by species of the myrtle family, including the genera Myrceugenia, Blepharocalyx, Luma and Tepualia (Gonza´lez et al. 2003; Hauenstein et al. 2005) . The hydroperiod is one of the most important factors influencing the functioning of these ecosystems, varying widely according to the climate and geological characteristics (Arle 2002) . Seasonal forested wetlands remain dry during part of the year (Mitsch and Gosselink 2000; Zedler 2003) , whereas wetlands with a permanent hydroperiod present a visible water column at all times, even in summer (Arle 2002) . This particular dynamic is of great relevance for biological activity, controlling the structure of the vegetative communities and their associated animals, among other effects (Tavernini et al. 2005) .
Some authors have suggested that the hydroperiod, specifically flood pulse, controls the growth and composition of vegetative species within forested wetlands, affecting ecological processes such as germination, productivity, decomposition, nutrient dynamics and vegetative reproduction (Ebert and Balko 1984; Gerritsen and Greening 1989; Brooks 2000; Mitsch and Gosselink 2007) . Moreover, the hydroperiod is considered to be a determining factor in plant establishment and colonization (Coops et al. 2004 ) since it enables lateral interaction with terrestrialaquatic ecotones between dry and flooded period (Junk et al. 1989) , generating a more dynamic and complex ecosystem.
The effects of the hydroperiod have been widely reported for the fauna (e.g. Angeler et al. 2005 Angeler et al. , 2010 Tavernini et al. 2005; Dudley 2006; Angeler and Moreno 2007; Serrano et al. 2008; Dı´az-Paniagua et al. 2010; Sahuquillo and Miracle 2010) and herbaceous vegetation of seasonal freshwater wetlands (e.g. Warwick 2003; Piedade et al. 2010) . Although some hydroperiod studies have considered arboreal vegetation, most such research has focused on the flood plains of the Amazon River watershed (e.g. Ferreira et al. 2007 Ferreira et al. , 2009 Oliveira et al. 2007; Junk et al. 2010) . The forested wetlands of Chile, however, remain completely unstudied in terms of how the hydroperiod affects the arboreal vegetation, aquatic community distribution patterns and the physico-chemical conditions of the water. Therefore, the objective of the present study was to evaluate the effect of permanent and seasonal hydroperiods on the structure of the arboreal vegetation in forested wetlands, constituting a first approach to the ecological study of these ecosystems.
Methods

Selection of study area
To select the study areas, we categorized 20 wetlands belonging to the floristic association Blepharocalyo-Myrceugenietum exsuccae (Ramı´rez et al. 1995) using classification procedure B of the European Union Water Framework Directive (European Commission 2000), considering 21 variables on the micro-watershed scale. These variables were grouped into edaphic, climate, agroclimate and morphological zones and analyzed using SPSS software v.17.0. Five grouping models were obtained from which we selected those made up of four ecotypes, as these models best reflected the in situ observations. Then, we chose the ecotype that contained the greatest number of wetlands (n ¼ 12), further selecting the wetlands that formed a hydroperiod gradient in terms of length (in months) and state of conservation (Table 1) . Thus, we chose six forested wetlands located in the central 460 F.J. Correa-Araneda et al.
valley of Araucanı´a Region: Pumalal, Catrimalal, Pichiquepe, Boroa, Quepe and Petrenco (Figure 1 ). The local climate is characterized by a dry summer season and temperatures that fluctuate between 14 and 23 C, while winter season is humid and with temperatures between 7 and 13 C (Paskoff 1973; Di Castri and Hajek 1976) . Flooding of these ecosystems could last between four and eight months (Ramı´rez et al. 1995) , mostly in the winter season, and reaching 2 m depth. By contrast, during the summer season, when the standing water disappears, soils exhibit between 50% and 60% humidity with a phreatic layer close to the surface (20-30 cm; Ramı´rez et al. 1983; Del Valle-Arango 2003) .
Sampling methods
The hydrologic regime was determined using automated water level sensors (Model U20-001-02, Onset Computer Corp., USA) with a measurement range of 0-30 m depth. These sensors were programmed for measurement intervals of one hour over the course of one year.
To measure the structural variables of the vegetation, we selected six plots (one per wetland) of 300 m 2 (Steubing et al. 2002) . A total of 596 adult trees were surveyed, determining the diameter at breast height (DBH, using a caliper) of arboreal individuals taller than 1.3 m and diameter greater than 5 cm (Mostacedo and Fredericksen 2000; Steubing et al. 2002) , total height, crown base height (using a clinometer) and crown projection.
Statistical analysis
To determine the relationship between each wetland's hydrologic regime and the structural characteristics of its arboreal vegetation, we generated a distance Journal of Freshwater Ecology 461 matrix based on Euclidian distance following transformation (square root) and normalization of the structural variables of the vegetation. This was then used to carry out an analysis of non-parametric multidimensional scaling (NMDS; Clarke and Green 1988 ) that allowed us to visualize graphically (in three dimensions) the relationships of the previously defined groups. We used a twoway ANOSIM (Clarke and Warwick 2001) in order to determine whether the wetlands differed significantly amongst each other in terms of the structural variables of the individual trees, considering the hydroperiod (months) and hydrologic regime (seasonal and permanent) as factors. The same analysis was used to determine the existence of intra-specific differences, using the hydrologic regime as a factor. All the analyses were conducted using Primer software v.6 (Clarke and Gorley 2006) . 
Results
We identified a total of four tree species, three from the Myrtaceae family and one Winteraceae. These species were present in all the wetlands studied, with the exception of Luma gayana, which was not found in one of the surveys (Quepe).
Myrceugenia exsucca was the dominant species in both the seasonal (relative abundance: 35-75%) and permanent (48-53%) wetlands. The abundance of L. gayana was low (4-28%) in the seasonal wetlands, whereas Drimys winteri was present at only two of the sites studied, one seasonal and one permanent ( Table 1) . The greatest diameter and height of individual trees occurred in seasonal wetlands, whereas the maximum crown base height was found in permanent wetlands (Table 2) . No significant differences were detected in the diameter of the species in relation to the different regimes ( p 4 0.05). Nonetheless, the total height, crown base height, and crown projection of the species showed highly significant differences ( p50.001) for both regimes. Only L. gayana failed to show significant variations for this factor ( p 4 0.05; Table 2 ).
The height of the arboreal vegetation (r 2 ¼ 0.75; p50.05) and species richness (r 2 ¼ 0.85; p50.05) were strongly and inversely related to the length of the flood period. The crown base height was directly related to the length of the flood period (r 2 ¼ 0.81; p50.05; Figure 2 ). The NMDS analysis showed the formation of three groups, differentiating them according to the length of the flood period (3, 6 and 12 months), showing a slight overlap between the seasonal wetlands ( Figure 3 ). 
Discussion
The hydrologic regime is responsible for many of the physical and chemical characteristics of the wetlands. In turn, these characteristics have a direct influence on the organization of associated vegetative and fauna communities. Most of the forested wetlands in Chile can be classified as seasonal, since they present distinct flood and dry phases (Mitsch and Gosselink 2000; Zedler 2003) . Nonetheless, some wetlands receive constant hydric contributions and remain flooded or have permanent sheets of visible water. The wetlands studied herein were selected according to their flood periods (3, 6 or 12 months approximately). We expected the structural and community aspects of the respective communities of these wetlands to differ, since annual flood and drought cycles constitute the most important environmental pressure on the plant species, which can develop diverse adaptive mechanisms for survival (Junk et al. 1989; Williams 2006) . Some authors have reported that the arboreal vegetation in these wetlands is dominated by species from Figure 3 . Three-dimensional ordering graph of the non-parametric multi-dimensional scaling (NMDS) based on the structural variables of 596 individuals from the six wetlands under study using flood period (months) as a factor; # ¼ 3 months, N ¼ 6 months, ¼ 12 months.
Journal of Freshwater Ecology 465 the myrtle family (e.g. Gonza´lez et al. 2003; Hauenstein et al. 2005) as recorded in the six wetlands studied. In all cases, their abundances conformed to the association of Blepharocalyo-Myrceugenietum exsuccae (Ramı´rez et al. 1995) , characteristic of the forested wetlands of temu-pitra and in agreement with the original distribution described from Victoria to Puerto Montt (38 14 0 to 41 38 0 S; Ramı´rez et al. 1983) . Although the original latitudinal and longitudinal distribution of this association is unchanged to date, the same is not true for the initial surface covered by these ecosystems, which has decreased considerably due to deforestation and drainage to allow the land to be used for various productive activities (Hauenstein et al. 2005; Pen˜a-Corte´s et al. 2011) .
Although myrtles are characterized as resistant to flooding (Latsague et al. 2010 ) and are limited nearly exclusively to habitats with saturated soils, the hydroperiod has been shown to affect strongly the capacity for regeneration of the woody component (Conner et al. 1986 ) and, therefore, the richness and composition of the vegetative communities (Brooks and Hayashi 2002; Coops et al. 2004 ). This effect was demonstrated herein by the strong correlation between hydroperiod and structural (e.g. height, crown base height) and community (e.g. richness) variables. This agrees with reports by some authors (Collinson et al. 1995; Della Bella et al. 2005; Ce´re´ghino et al. 2008 ) that permanent wetlands support different community assemblages than seasonal wetlands.
In spite of the perennial nature of the dominant vegetation (Ramı´rez et al. 1995) , it exhibits a dormant period from the end of summer to the end of spring, similar to that of the deciduous species (Garcı´a-Ban˜uelos et al. 2008) . It is mainly influenced by a drop in temperatures and light intensity which, in combination with the water level, could inhibit vegetation development, reducing the size of the stem apex and the number of vegetative primordias of the bud (Viveros and Vargas 2007) .
Our results suggest that the permanent flooding of forested wetlands produces not only lower plant species richness (arboreal and bush) but also physiological and community effects such as a lower total height and greater crown base height for tree species, as compared with individuals of the same species in seasonal wetlands (512 months flooding). This has been observed in M. exsucca, considered to be the species that is best adapted to the extreme conditions of these environments (Ramı´rez et al. 1983) , thereby explaining its dominance in both permanent and seasonal forested wetlands. L. gayana, on the other hand, was the least dominant. However, both species exhibited differences in their growth.
Most studies of hydric stress in vegetation agree that low water levels or dry conditions favor germination, growth and vegetative propagation (Coops et al. 1996) and, therefore, high plant richness (Ferna´ndez-Ala´ez et al. 2002) , although the adaptation of the organisms to these conditions has a direct influence on community composition (Wellborn et al. 1996) . On the other hand, constant flooding produces a hypoxic environment (Jackson and Armstrong 1999) , compromising the functioning of the plants (Chen and Xie 2009) . This explains the different structural physiognomies of individuals of the same species that inhabit wetlands with distinct flood periods. These differences are adaptive responses, like those observed in the flood plains of the central Amazon, where most of the species present are highly specialized to flood conditions (Parolin et al. 2004) . In this sense, the myrtles of the forested wetlands in Chile have developed horizontal root systems near the soil surface (540 cm; Ramı´rez et al. 1995) , which, in turn, form small islets (510 cm in 466 F.J. Correa-Araneda et al.
diameter) defined by the adventitious roots that emerge from the main trunk of the initial individual. These roots accumulate fallen leaves and sediment around them, creating support for the development of new plant individuals and, therefore, generating larger islets. This type of root originated in order to facilitate the transport of oxygen to the rest of the root system, alleviating conditions of hypoxia and contributing to the recovery and maintenance of aerobic respiration (Ferreira et al. 2009 ). This system also allows rhizomic oxidation and the release of toxic products (Kozlowski 1997; Waldhoff et al. 1998; Visser et al. 2003) . In Mediterranean zones, (32-41 S for Chile), characterized by a warm, dry summer season and a wet, cold winter season (Ko¨ppen 1923) , complex natural hydric processes are associated with inter-and intra-annual fluctuations in the water level (Beklioglu et al. 2007 ) that favor the presence of vegetation that is highly adapted to the natural variations (Ferna´ndez-Ala´ez and Ferna´ndez-Ala´ez 2010). These systems are highly vulnerable, and modifications of natural flood and drought regimes in wetlands due to human activities (e.g. forestry, drainage) can generate the loss of a large part of the vegetative diversity in these environments. The extreme environmental characteristics of these ecosystems hinder the establishment of many plant species. Therefore it is inhabited by highly specialized organisms, most of them restricted to this type of habitat. Moreover, these wetlands are considered to be unique ecosystems that require greater research efforts to understand their hydrologic, aquatic and biotic functioning.
